R ecent neurophysiological studies on Guillain-Barre syndrome (GBS) have led to its reclassification as acute inflammatory demyelinating polyradiculoneuropathy (AIDP), acute motor axonal neuropathy (AMAN), and Fisher syndrome. 1 Campylobacter jejuni is the most common antecedent pathogen of GBS. 2 Many patients with GBS associated with C jejuni infection contain serum antibodies to several gangliosides. However, a direct causal link to GBS has not been confirmed except for the correlation between GQ1b antibody and Fisher syndrome.
Helicobacter pylori is a common cause of gastroduodenal disorders. Antigenic mimicry between H pylori and the host is speculated to be a possible mechanism for the mucosal damage. 3 We have reported the presence of several IgG antibodies against crude H pylori antigens in the cerebrospinal fluid (CSF) of patients with GBS. 4 However, the nature of the antibody to the 90 kDa protein has not been identified. In this study, we determined the 90 kDa protein to be vacuolating cytotoxin (VacA) by Western blot analysis using recombinant (r)-VacA, and studied the clinical and electrophysiological features in patients with positive or negative antibody to r-VacA in CSF.
PATIENTS AND METHODS
Thirteen patients with GBS (10 men and three women; mean age 52.1 years) were studied. They fulfilled the clinical criteria for GBS, 5 and the electrophysiological studies were carried out within two weeks of onset.
Nerve conduction studies were performed on the ulnar and median nerves. The peroneal and sural nerves were tested when relevant. The electrodiagnostic variables used as criteria were: the compound muscle action potential; the distal motor latency; the motor nerve conduction velocity; the compound sensory nerve action potential the sensory nerve conduction velocity; and the F response latency.
Samples of CSF were obtained from 13 patients with GBS, in addition to four patients with definite multiple sclerosis (one man and three women; mean age 26.5 years) and four patients with motor neurone disease (one man and three women; mean age 61 years) as the disease controls. Informed consent was obtained from each patient and control subject.
The sense primer VacA-5 (ATGGATCCGCCTTTTTCACAAC-CGTGATC) containing a BamHI site and the anti-sense primer VacA-3 (ATCTGCAGTTAAGTGGTGTTGGTGGGTAA) containing PstI were synthesised. 6 Chromosomal DNA was extracted from H pylori NCTC 11637 with a SepaGene kit (Sanko Co, Tokyo, Japan) and used as a template for polymerase chain reaction. The polymerase chain reaction product was digested by BamHI and PstI and inserted at the downstream site of the EGF gene on the expression plasmid pNH400EGF-CYT3. The plasmid was transfected to the Bacillus brevis HPD31. The bacteria were grown for 48 hours at 30°C in 2SL medium, 7 and then centrifuged and disrupted by ultrasonication (Branson Ultrasonics Co, Danbury, Connecticut, USA). The precipitate of the bacterial disruptant was solubilised with 20 mM Tris/HCl (pH 8.0) containing 8 M urea. The dissolved fraction was dialysed against 20 mM Tris/HCl (pH 8.0)/1 mM EDTA/1 mM dithiothreitol/1 mM phenylmethanesulfonyl fluoride/5% glycerol, and purified using a model 491 Prep-cell (Bio-Rad, Tokyo, Japan). The product was identified as a 93 kDa fusion protein, consisting of 90 kDa r-VacA and 3 kDa EGF by Western blot analysis using an antibody to EGF.
Western blot analysis was carried out as reported. 4 Briefly, 2 µg r-VacA was separated by SDS/PAGE using 12% acrylamide gel and transferred to a poly(vinylidene difluoride) microporous membrane (Millipore Corp, Tokyo, Japan). The membrane was incubated with a 120-fold dilution of CSF for three hours and allowed to react with horseradish peroxidase labelled rabbit anti-human IgG at a 1:6000 dilution, and developed with an ECL developing solution (Amersham Pharmacia Biotech, Amersham, Bucks, UK). To detect the serum antibody to r-VacA, we also used a 200-fold dilution of serum from three patients confirmed to have r-VacA antibody in their CSF. Serum antibody to H pylori was measured with an electroimmunoassay kit using HM-CAP as antigen (Epi Co, Westbury, New York, USA).
RESULTS
According to the electrophysiological criteria, 1 the patients were divided into three categories: eight patients with AIDP; four patients with AMAN; and one patient who showed unexcitable nerve conduction. Table 1 summarises their clinical backgrounds.
Six CSF samples from patients with GBS reacted with r-VacA protein in the Western blot (fig 1) . The reaction disappeared when the samples had been mixed and absorbed by r-VacA for one hour at 37°C. This indicates that these six patients had specific IgG antibodies to r-VacA protein in their CSF. No reaction was observed in the disease control patients.
The electrophysiological findings showed that every patient with positive CSF anti-r-VacA IgG had AIDP. The patients with negative anti-r-VacA IgG in the CSF were: two with AIDP, the four with AMAN, and the one with unexcitable nerve conduction. These results indicate that demyelination of the peripheral nerves was predominantly observed in patients with a positive CSF anti-r-VacA IgG. An F wave study, which indicates the involvement of proximal nerve conduction, was also carried out in nine patients. Although serum from only three of the six patients with positive CSF anti-r-VacA IgG were examined, two of these three had delayed F wave latencies.
With respect to the correlation between serum antibody to crude H pylori antigens and the CSF anti-r-VacA IgG, five of the six patients with a positive CSF anti-r-VacA IgG had a positive serum antibody. In contrast, three of the six patients with a negative CSF anti-r-VacA IgG displayed positive serum antibody. There was no significant difference in CSF IgG concentrations between patients who tested positive (13.2 (8.4) mg/dl; mean (SD)) and negative (13.0 (9.3) mg/dl) for antibody to r-VacA.
DISCUSSION
We found that six of 13 CSF samples from patients with GBS had specific IgG antibodies to r-VacA, and the patients with anti-r-VacA IgG showed appreciable demyelination of the peripheral nerves.
Considering the cause of GBS, C jejuni induces immune responses through serum anti-ganglioside antibodies because of shared homologous epitopes, and cross reacts with the surface components of peripheral nerves. 8 Immune reactions to epitopes in the Schwann cell, or myelin, may be the result in some patients with AIDP. Reactions against the axonal membrane are thought to be involved in the development of AMAN. 9 However, recent studies showed that anti-ganglioside antibody was commonly detected in the serum of patients with AMAN and not in serum of patients with AIDP. 10 11 Consequently, the exact mechanism of AIDP remains unsolved. In addition, the CSF of patients with GBS has not been fully investigated. An attractive hypothesis for the pathophysiology of AIDP is that an unknown antibody to antigens on the outer surface of the abaxonal Schwann cell plasmalemma binds complement, resulting in the development of transmembrane pores.
11
Although H pylori infection is one of the major causes of gastroduodenal diseases, the antibody to H pylori reacts with some extragastric tissues, 12 and some autoimmune diseases regress after eradication of H pylori. 13 VacA has been reported to form anion selective, low conductance, voltage dependent channels in planar membranes.
14 The formation of low conductance VacA pores in the cell membrane results in a change in ion permeability. 15 In addition, sequence homology between VacA and the human (Na + + K + )-ATPase A subunit has been reported. 16 Concerning the association between serum and CSF antibodies, every patient with positive CSF anti-r-VacA IgG had positive serum antibodies to H pylori, and two patients with serum anti-r-VacA IgG showed delayed F wave latencies.
The peripheral nervous system is protected by the blood/nerve barrier, which is more vulnerable than the central VacA antibody in patients with Guillain-Barre syndromenervous system to antibody mediated disorders because it is not as tight as the blood/brain barrier. 11 However, the present data suggest that local immune responses may be easily facilitated in the intraendoneurial space of the peripheral nervous system, because the profile of CSF antibody to H pylori antigens was quite different from that of serum. 4 In addition, the patients with positive anti-r-VacA IgG in CSF showed diffuse demyelination of the peripheral nerves. Our findings suggest that anti-VacA IgG in the CSF not only changes the permeability of the cell membrane through ion channel dysfunction, but may also involve the abaxonal Schwann cell plasmalemma in some patients with GBS. However, the exact mechanism of the production of anti-VacA IgG in CSF remains unknown.
